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Predation is an important selective determinant affecting prey spatial and temporal distributions, host selection and social behaviour (for review, see Taylor 1984 , Crawley 1992 . The higher the risk of predation, the more individuals should act to avoid those risks. Behavioural and morphological adaptations may evolve to reduce predation risk. For example, individuals may avoid predators by being cryptic (Cott 1940 , Endler 1988 . However, adaptations directed against one predator may be of limited or no value in protection from another predatory species whose search image differs (Endler 1988) . Visually cryptic prey may nevertheless be detected by chemical or other means.
The golden egg bug, Phyllomorpha laciniata Vill (Heteroptera, Coreidae), is a highly cryptic species (Cott 1940) which lays eggs on the backs of male and female conspecifics (Jeannel 1909 , Reuter 1909 , Kaitala 1996 . Eggs do not survive in nature unless they are carried because of predation by ants (Kaitala 1996 ; but see Mineo 1984) . Newly laid eggs are white but turn golden and shiny after 3 -6 d, making the bug highly visible when carrying eggs. In most cases, eggs are not fertilised by the carrying male (M. Miettinen and A. Kaitala unpubl.) . Individuals receive eggs both voluntarily and involuntarily (Kaitala 1996 , 1998 , Kaitala and Miettinen 1997 , and in the laboratory males often accept eggs without mating with the female. All females carry eggs they have not fertilised. Copulating individuals seem especially unable to resist oviposition attempts (Kaitala and Miettinen 1997) . Egg carrying is theoretically problematic if the costs of carrying are higher than the benefits. Why should an individual help another if it suffers from helping? To date, no field data exist regarding the predation risk faced by the golden egg bug or the potential costs associated with egg carrying.
The present study was undertaken to examine predation by ants on the golden egg bug, and to evaluate the costs of egg carrying. Ants have an important effect on the distribution and abundance of terrestrial organisms (Wilson 1990) . They detect moving objects while foraging and commonly use chemical cues to locate prey (Hö lldobler and Wilson 1990) . We focus on predation of P. laciniata by Pheidole pallidula (Nylander) (Hymenoptera, Formicidae) and Cataglyphis piliscapus (Forel) (Hymenoptera, Formicidae). These were the most common ant species in the study area and in habitats occupied by P. laciniata. P. pallidula individuals have also been noted to attack eggs and bugs in the field (A. Kaitala, R. Macias-Ordonez, M. Miettinen and R. L. Smith unpubl.).
Materials and methods

Natural history of the golden egg bug
P. laciniata is found in the Mediterranean region in association with its primary host plants Paronychia sp. (Caryophyllaceae; Moulet 1995 , Kaitala 1996 . In the field individuals of both sexes carry eggs, but males carry on average twice as many eggs as females (Kaitala 1996) . Males receive more eggs than females because they are often close to females due to copulation attempts and due to mate guarding after copulation Miettinen 1997, Kaitala 1998) . Egg carrying does not increase male mating success (Kaitala 1998) . In populations where eggs are laid on the backs they do not survive due to invertebrate predation unless carried. In Catalonia, north-eastern Spain, the reproductive period starts in May, and during reproduction the bugs are most active in the middle of the day (1100-1400 h). Although females lay eggs for more than two months, they normally lay only one or two eggs at a time (Kaitala and Miettinen 1997) . Eggs are glued firmly on the backs of conspecifics, and they are very difficult to remove without causing damage to the host individual. Eggs are large; one egg corresponds to about 4% of male body weight, and one male may carry up to 28 eggs on its back (Kaitala and Miettinen 1997 ). An egg-carrying individual does not provide any visible care to the eggs, and after hatching, the larvae leave the back of the carrying bug although egg shells remain on the carrier's back. Eggs removed from an individual in the wild, survive and hatch well in the laboratory (unpubl.).
Predators used in the experiments
Pheidole pallidula is an extremely common ant species of the Mediterranean region, inhabiting dry, open habitats and borders of woods (Bernard 1968) .Workers are small and dimorphic (minor worker 1.6 -2.6 mm, major worker 3.3 -4.9 mm, Bernard 1983) compared to ( 10 mm) P. laciniata. However, workers are efficient predators quickly recruiting tens of workers to any edible object (Szlep-Fessel 1970 , Detrain 1990 , Retana et al. 1992 . They exhibit a bimodal diurnal rhythm with foraging activity interrupted during the hottest hours (Delalande 1985) .
By comparison, Cataglyphis piliscapus is both ecologically and geographically more restricted (Cagniant 1976 , Lenoir et al. 1988 . Cataglyphis species are individual foragers with C. piliscapus scavenging primarily dead arthropods and collecting nectar (Retana et al. 1986) . Their searching activity is strictly diurnal (Delalande 1985) , coinciding with the activity patterns shown for P. laciniata.
Experiments
Our study was carried out in an abandoned vineyard located 3 km from Sant Climent Sescebes in Catalonia, north-eastern Spain. The principal ground cover is Paronychia argentea, in which P. laciniata individuals are found in abundance (Kaitala 1996) .
The experiments were carried out in open (32 cm diameter) circular enclosures. The inner and outer surface of the 4 cm high enclosures were covered by Fluon to prevent bugs from escaping and other invertebrates from entering. The ants could easily escape via their tunnel system, and other insects could fly in.
We had three treatments: a) enclosures placed around the entrance of Pheidole pallidula nests (or tunnel entrance), b) enclosures placed on the entrance of nests of Cataglyphis piliscapus and c) control enclosures placed randomly 2 -5 m from the experimental enclosures. Control enclosures were placed on sites where no ant activity was found before the experiment started and where no ant tunnels were found. Control enclosures were treated with a small amount of insect repellent (Merck Insect repellent 3535) to prevent ants from digging an entrance. This was necessary because in pre-experiments P. pallidula found bugs in control enclosures within one or two days.
Each enclosure contained the host plant P. argentea. We marked bugs individually and counted the number of eggs they carried. Ten bugs were released in each enclosure (5 females, 5 males), and surviving bugs were recaptured after two days. If the wings were undamaged, the tip of one flight wing was cut from P. laciniata individuals with no or only a few eggs to prevent escape by flying. This was done because in a pre-experiment most bugs without eggs took off soon after being released in the enclosures. Eggs were mostly attached on the wings so that wings could not be cut if an individual carried eggs. However, bugs carrying several eggs are unable to fly (pers. obs.). Wings are small and transparent, and cutting the tip of one wing caused hardly any changes on their appearance. In some bugs the wings were already damaged, and cutting was unnecessary. This damage may be due to egg scraping (Kaitala 1999) or due to the fact that ants or other enemies had taken off the eggs and a piece of wing on which eggs were attached.
The controls and P. pallidula experiments were carried out once on 27-29 May and once during 2 -4 June, 1997 with five replicates each time. The C. piliscapus experiment (with five replicates) was carried out only in 27-29 May since the species did not show any aggressiveness towards P. laciniata. During the experiment P. pallidula workers excavated a tunnel in one of the C. piliscapus enclosures. Subsequently, P. pallidula workers were found to be very active and eating one of the bugs. This replicate was excluded from the analysis, because it was obvious that P. pallidula and not C. piliscapus workers caused the loss of bugs.
We recaptured and identified surviving individuals, and counted the remaining number of eggs they carried. Individuals without eggs at the start of an experiment were excluded from the analyses examining egg loss. Only 27-29 May replicates were used in determining whether bugs disappearing carried more eggs than those recaptured. The number of bugs disappearing was too low for statistical analysis using replicates from 2 -4 June. Bug disappearance was analysed using logistic ANOVA since the response variable was binary, describing whether a bug did or did not disappear. The maximum likelihood method was used in estimating the model parameters (Sokal and Rohlf 1995) .
Results
More bugs disappeared from enclosures with P. pallidula workers than from controls (Fig. 1) . The difference between the experimental enclosures and the controls was significant (two-way logistic ANOVA, Wald statistic=14.2, d.f.= 1, PB 0.001). The difference between the two experiment dates was not significant (Wald statistic =0.02, d.f.=1, P=0.90) nor was the interaction between dates and experimental groups (Wald statistic =1.92, d.f. =1, P=0.17).
P. pallidula workers were seen feeding on or carrying P. laciniata individuals to their nest on seven occasions during the experiment. Sometimes ants were cutting the bug in pieces while others were cutting the eggs. In that case, tens (if not hundreds) of workers encircled the bug (so that the bug was totally covered by ants). Occasion- ally ants carried a living bug directly to the nest. Sometimes ants took eggs without preying on the carrying bug by cutting eggs off while the bug was still alive. P. pallidula workers leave unpalatable parts of invertebrates near nest entrances. Several times we found body parts of insects with paint spots from our marked P. laciniata bugs, suggesting that P. pallidula workers were responsible for the disappearance of the bugs. We attribute the lower rate of disappearance and activity, of bugs and ants, in 2 -4 June replicates to inclement weather.
Only one of 40 bugs disappeared from the C. piliscapus enclosures suggesting that C. piliscapus workers rarely (if ever) preyed on P. laciniata.
In P. pallidula enclosures established 27 -29 May, bugs that disappeared carried more eggs when released than those that were left (ANOVA, F (1,40) = 16.8, PB 0.001), and the interaction between replicates and disappearance was not significant (F (4,16) = 0.98, P=0.43, Fig. 2 ). During the experiment some individuals received eggs laid by females and some lost the eggs. Altogether 59% of the bugs (n=58) in P. pallidula enclosures had lost more eggs than they received, while 24% of the bugs (n=82) in controls had lost eggs (the difference between the groups was significant, x 2 = 16.8, d.f. = 1, P B0.001). As noted before we several times saw ants taking eggs from individuals' backs, indicating that ants were responsible for egg disappearance.
Discussion
P. pallidula workers prey on adult P. laciniata bugs, and egg carrying increases predation risk because bugs carrying many eggs were captured by ants more often than those carrying only a few eggs (see Fig. 2 ). P. pallidula individuals have also been observed attacking and killing egg-carrying bugs in natural situations (A. Kaitala, R. Macias-Ordonez, M. Miettinen, and R. Smith unpubl.). Individuals carrying many eggs are either more attractive to ants (Kaitala and Axén 2000) or else are incapable of escaping ants. In the laboratory experiments where the bugs were exposed to workers of Formica rufa, egg-bearing bugs were attacked significantly faster and more often than non-egg-bearing bugs, suggesting that eggs attract ants. These experiments also show that mating with an egg-bearing bug increases risk of predation because mating pairs were attacked more often than two single bugs together (Kaitala and Axén 2000) .
Egg-carrying P. laciniata individuals are found in habitats where predation risk by ants is high. Ants are efficient foragers, and in similar habitats as those occupied by P. laciniata they are able to detect arthropod corpses in less than five minutes (Retana et al. 1991) . P. pallidula workers are quickly able to recruit a vast number of workers to a food source (Szlep-Fessel 1970 , Detrain 1990 , Retana et al. 1992 . Despite their small size, they have powerful mandibles capable of cutting prey into smaller pieces (Detrain 1990) , and they capture large prey, such as adult bugs, in a co-operative effort. In our experiments, P. pallidula workers occasionally took only eggs without preying on the carrying bug by cutting eggs off, sometimes they killed the bug or carried a living bug directly to the nest. High predation pressure by P. pallidula was also indicated in the pre-experiments. In those experiments P. pallidula found the controls soon, and therefore insect repellent was used in controls to avoid P. pallidula digging an entrance to the enclosures.
P. pallidula is active early in the morning and in the evening (Cammaerts et al. 1993) when P. laciniata is inactive (pers. obs). Although P. laciniata individuals hide in the bushes when inactive (pers. obs.), it is unlikely that they can totally avoid P. pallidula predation.
Individuals carrying no eggs or only a few eggs do often fly away in the laboratory, and did so also in our pre-experiment but those carrying many eggs cannot fly. Loss of ability to fly may be an additional factor increasing predation risk for an egg-carrying individual.
The fact that a few bugs and eggs disappeared from control enclosures suggests predation by other predators, like spiders, birds and lizards. However, these losses were minimal and ants seem to be the main enemies for the bugs.
Under natural conditions, P. laciniata eggs appear not to survive unless carried by bugs. In earlier experiments, most eggs of P. laciniata disappeared quickly if placed on the host plant (Kaitala 1996) . Similarly, eggs of the Mediterranean flour moth (Anagasta kuehniella) placed on the soil were quickly found and eaten by P. pallidula (Du Merle et al. 1978) . Thus, it is evident that the unique host ''back'' selection by P. laciniata is at least partly explained as a strategy against predation. Mineo (1984) has found a mountain population of P. laciniata in which most eggs are laid on plants and only a small proportion on backs of conspecifics. Unfortunately, there is no data on the presence or absence of invertebrate predators in the mountain habitat. It would be interesting to see if the lack of predatory ants could explain why eggs are laid on plants.
To date, we have found no evidence suggesting that egg carrying is beneficial for the carrying individual. Egg carrying does not increase male mating success (Kaitala 1998) . Preliminary DNA analysis confirms that most eggs carried in the field are not fertilised by the carrier (M. Miettinen and A. Kaitala unpubl.). Thus paternal care is an unlikely explanation (at least not the whole explanation) for egg carrying. An indirect evidence of costs of egg carrying is that individuals often scrape off eggs (Kaitala 1999) .
Individuals are not expected to help each other if costs of helping are larger than benefits or if the receiver is not a relative (Hamilton 1963) . The increased predation risk caused by egg carrying, and the fact that most eggs are unrelated to the carrier calls for an evolutionary explanation; why individuals sometimes accept eggs without resistance? One plausible explanation may be that accepting eggs is less costly than rejecting them.
Intraspecific parasitism occurs when individuals avoid the costs of parental care by exploiting the time and energy of unrelated conspecifics (Field 1992) . Intraspecific brood parasitism is well described in several animal groups (for reviews, e.g. Field 1992 , Brockmann 1993 , and has evolved in species which actively care for their young. According to current knowledge individuals of the golden egg bug suffer fitness costs from egg carrying, and egg carrying can be regarded as intraspecific parasitism. However, the kind of intraspecific parasitism described here, in which parasitism occurs independently of parental care, and where eggs are attached to bugs and carried passively by conspecifics, has not been previously described.
